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CHINA'S AERONAUTICAL FORGINGS AND CASTINGS REVIEWED
Liu Duopol, Zeng FanchangZ, and Xue Yanlu3
China Aeronautical Forgings and Castings Technology Import and Zxrort Association
At an Aerocnautical Forgings and Castings Trade Fair speonsored by the Aero-
nautical Forgings and Castings Technology Import and Export Association (of the
CThina National Aeronautical Technology Import and Export Corporation), more than
700 items of Chinese-made zoods were exhibited, including aercnsutical forgings,
2astings, ‘orging dies, casting molds, vowder metallurgical products, and titanium
alloys and products. These goods symbolize China's production capability and
technical level of aeronautical forgings and castings, with excellent qualities
<f these products.

Production Capabllity of Aeronautical Forgings and Castings

‘Nith the establistment, development and growth of China's aviation industry,
metallurgy Industry, machinery manufacture industry, and prolessicnal research
organizations, China has acquired the producticn capabilities of high-quality
foreings and castings for various medels of military and civil aircraft, engines

lLiu is a vice chairman and senior engineer of the China Aeronautical Forgings
and Castings Import and Export Association (Aeronautical Association).

2
“Zeng is 2 standing director and engineer of the Aercnautical Association,
3
“Xue Is 3 metallurgy engineer of the Aeronautlcal Asscclation.
1
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and accessories. As early as the mid-~-1960s, China was able to produce various
metal materials and large Torgings required by aviation industry.

At rresent, all aercnautical castings have been produced by China's aviation
‘ndustrial departments. Only abcut 10 cercent of the forging items (large
Jerrcus and non-ferrous forgings) are supplied by the metallurgy and civilian
machinary industrial departments; the other S0 rvercent of forgings are produced

o aviation Industrial derartments.

Recarding the production racilities of aercnautical forgings in China, major
facilities include 10- and 16~ton die forging hammers, 25 ton.meter hammer-to-
nammer-striking (without an anvil) machines, 40 ton-meter gunpowder-powered hammers,
220 ton-meter high-speed hammners, 12,000-ton free forging hydraulic presses, as

well a3 10,000~ and 30,000-ton die forging hydraulic presses. Those small- and
medium-sized forgings (as well as blades) are manufactured with 6.5 to 30 ton.meter
high-speed-nammer forging machines, 160C- to 4000-ton not die-forging mechanical
nresses, 190~ to 1000-ton friction presses, as well as S5-~ton (and less) die forging
narmers and Jree forging hammers. Those hydraulié screw hammer presses (imported
Treom atrcad recently) will be used in precision forgings of blades and complex-
ronfiguration parts. In oreduction of ring-shaped gcods, broaches are used in
wnols~piece rclling of various types (770 to 1500 mm in diameter) of ring~shaped
rart3; this is an economical and practical technique.

Regarding aeronzutical casting producticn, the aviatiocn industrial departments
nave “he following facilities: forming, smeltine, pourine and cleanine cf sand
casting, metal die casting, melting-mold precision casting, pressure casting, and
zentrifugal casting. With these facilities, ordinary and precision castings of
comrlex shapes can be produced. The hollow turbine blades, hcllow suiding blades

‘made with ceramic-core rrecision casting technigue), and >ther turbine blades
'made with the directiomal condensation technique'l will be successfully assembled
‘n advanced aireraft engines.

“oreover, the aviation industrial departments can rroduce high-purity nish-
sharacteristics mother alloys while making high-temperature alloy castings.

Diaerams on the back cover shew Chinese~made aircraft and the tipical Tor~ings
ard castings in an aireraft engine.
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china's aviation industry has a very high rroduction capacity in making
Toreings and castings. Besides meeting domestic demands, the industry exports
forgings and castings of different usages. Chinese aeronautical forgings have
tegun te be exported by the aviaticn industry. China's aviation forging and
casting rlants (and sheps) have fully-equipped, modern inspection equipment and
quality control laboratories. In the varicus manufacturing steps of forging and
casting products, from raw material to forging, casting and heat treatment, strict
quali-y contrel is conducted. The Beliing Aeronautical Material Institute Is a
resesrch center studying new materials, hest treatment technique, and suality
ccncreol of China's aviation industry.

Technical Level oI Aercnautical Forgings

The important criteria in evaluating the technical level of forgings are
such zeometrical factors as dimensions, shapes and precision, as well as material
utilization rate and metallurgy quality

At vresent, “he “orging oress engineering circles, both domestic and abroad,
are axertine cheir offorts in developing large integrated and rrecision forgings.
ntegration leads to an Improvement of structural design of the aircraft and its
anzine; this is an important means to ralse structural strength, wreduce structural

welzht, ard exploit material potential. In meodern nigh-speed aircraft and aero-
engines, more and more large integral structural members are used in place of the
~ast method of assembling several parts into cne structural memter. Precisicn
forging 2an reduce the excess amcunt for machining £o 2 minimum so that the
Torging shapes are as close to the finished products as possible; precision in
“srgings can be achieved by improving technicue and design. At present, In China
zenerally the material utilization rate of large aviation forgings 1s approximately
15 5c 25 rercent. Abroad, large investment was laid out to develop heavy forging
cresses in order to carry out integration and precision technigues. Proceeding
=oward this target, China's aviation industry dces not solely seesk larger tonnage
‘n Torging presses; the Chinese stress to seek the best technique and design of
“argings to rationally specify the process cf leformation technique and apply
such technical measures 2s are helpful to reduce metal defcrmation resisztance

and 3tress in order tc rproduce larger and mere precise 2eronautical foreings.

(99
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20,300-ton hydraulic press.

1)

r3dial rlates is 25 mm.

)

ilameter o7 its Tcorging piece
and the thickness of the radial plates is 17 mm. This forging piece requires a
rressure of 18,000 tons on a die ferging hydraulic press.
zechnical design, 2 40-ton-meter hammer-to-hammer~striking (without an anvil)

machine can creduce an identical disk forging, whose texture properties are good

The rartiticned integral forging members in an aircraft are die forged with
For a large steel compressor disk, the diameter
he rforging piece is 960 mm, disk height is 210 mm, and the thickness of

In China, the compressor disks are die forged on a

JCC-teon hydraulic press. Abrcad, the disk is die forged on a hydraulic press

more than 30,000 tons.
b

nigh-strength titanium alloy compressor disk; the

Tioure 1 shows a Thermal
is 514 mm, the height of the wheel rim is 44 mm,

After improvement in

and croduction cost is drastically reduced.

Fig., 1. Thermal high-strength titanium alloy compressor disk (left)
and 1t3 low-multiple texture (above).

in production of thermal high-strength titanium alloy compressor disk

“orgings, abroad the compressor disk forgings are mostly produced on large hydrau-~

lic oresses. In China, after a series of technical tests conducted by aviation
Sorging-press engineering circles, it was concluded that a titanium-alloy disk
nroduced with high-speed forming equipment (hammer striking speed about 15 meters
per second) has a campact texture, rational streamline distribution, arnd desirable
2omprehensive properties with considerably lower forging costs and energy consump-

“fon. Trese advantaces cannot be cttained by using large hydraulic presses.




The hish-speed forming technique can be used not only in forging of disk
vieces, but 3lsc in batch production of compressor stainless-steel blades and
titanium-ailov blades. China used high-speed hammers (6.5 to 75 ton-meter) to
orcduce compresscr blades and large fan blades; these blades were fitted in
aircrart engines (see Fig. 2).

Fiz. 2. Titanium-alloy (Ti-6Al1-4V) compressor blades
oroduced with high-speed hammer extrusion,

Wich a thermal die-rorging mechanical press, we were successful in precision
“orzing of Ti679 compressor blades used in the Spey engine. The blade forgings
ic not reaquire machining; only polishing is sufficient. The shapes, dimensions,
orecision and allowances of blades meet the technical requirements of precision-
“2rzed blades. The texture properties are good (see Fig. 3).

S
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Fig. 3. Precision forging steps of high-pressure
second-stage compressor blade used in Spey engine.
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With a 2cld precision relling technique, Crl7NiZ2 stainless-steel blades can

e rroduced; the dlades are highly orecise, require no excess amount (for machin-
ng) of forged viece, are higher than V8 in degree of surface {inishing, and have
zead streamline direcrions. The service life of 2 rolling mold is five times
that of an ordinary fTorging die; a set of rolling molds can roll 30,000 to 50,000
clades. The material utilization rate of the cold precision rolled blades can
te raised from 11 percent (rfor ordinary die forging of blades) to 34850 percent.

29t engine plants built cold precision rolling blade production line;

oCme L2

tatch oroduction of blades has begun.

The multi~directional die forging technique is another means of producing
improving the service properties. Multi-directional
the production of complex~shaped forgings with intermnal
Through cooperation between the Beljing leronautical

mere crecise Jorgings and
dle Jorging Is adapted to
cavities or convex rims.
Jaterial Institute and some aireraft plants, there were successiul trial manu~
Tactures of fuel-oil rump casing of the Svey engine (see Fiz. 4), missile nozzles,
nvdraulic booster cylinders, engine frame supports, and other complex die ferged

Darts of various types.

Pig. 4. Fuel-0il pump casing of
Spey engine.

Regarding production of medium- and small-size aluminum alloy forged parts,
Thina's aireraft plants supplied more and more planar and volumetric precision
farged parts; also developed were large aluminum forgings and reflnement of

T
i

blanks.
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Techniczl Zevel o7 Aercnautical Castings
e advancement in develorment and level of production technique in aviation
Jastings I3 manifested in a flcow of modern casting alloys, ensuring metallurgical
ailty, wnd vrecision casting vtechnigue.

n nish-temperature alloys used for casting, China has formed 2 series in
reoduetion and sreiieations. In China, there are more than 20 casting high-
nemperature alloys used for turbine blades and suiding blades during operation
2t temgeratures of 750 to 1050°C. Some of the alloys achieve or surpass the
level o7 the same type of alloys abroad in casting and comprehensive mechanical
rrepertiss. At present, these alloys are smelted in egual-static-pressure
crucities of 2 vacuum induction furnace imported from West Germany's Leybold-
Zeraeus Jompany. The alloys are high in guality and pure in metal contents.

In —he ctrecision casting technique, 2lumina is used as the material for blade
casing. As The resources of alumina (alumina composite, alumina chamotte, and
Snangdian [oransliteration] clay) are abundant and available at ilow cost, the
onsumption of =lectrically smelted corundum can be saved drastically. Alumina
campesite 13 1 porous monetite-—~corundum refractory, which can de vrocessed
“rom China's atundant raw materials, rich alumina and high-quality clay; these
constituents are blended according tc the monetite formula and then blanks are
crevared before calcining for long duration. Then, the blend is ovrocessed into
rrains, scrtad bty particle size, undergces water dressing and is baked dry.

The refractory i3 sold accerding tc technical specifications; it has the advantages
57 high strensth, little deformation, lcw linear expansion, and stable guality,
ard is adaptable Tor precision casting blades and directicnal crystalline blades

wichous =xcess material for machining. Refer to Fig. 5.

In precisicn casting of hollow blades, ceramic cores are used {see Fiz. B);
“he 23stings thus croduced can achieve the specifled allowance, certain degree
22 finishing, wall thickness smaller than 1 mm, amall holes of 0.2 tc 0.5 mm
in diameter, Sinishing degree of Vi to V6, and sufficient strength at high
~emperatures. For long and thin cores, no defcrmation or deviation will cccur

urder sravity or impact by 1liquid steel. The core is not likely %o treax ind




. =
“he wall chicimess of castings 1s even. loreover, a ceramic core has sufficient
ot chermal stabllity and it 15 easy to separate the core from sand. As the trace
2lements, such 3s lead, zinc, iron and bismuth, are strictly controlled in the
22re, 1% nas no reaction with metals.
ME CVEE ( @8R:  SRL
-y Mt I nas
T2z, 5. Deformation photograph (1500°C, 0.5 hours)
nT ring specimens using variocus shell-shaped materials,
wev: (1) Corundum; {(2) Shangdian clay; (3) Alumina
. WA .
chamotte; (47 Alumina composite.
Fig. 6. Ceramic core (f{irst-
stage curbine blade).
The accuracy of precision casting blades is +0.13 mm, the finishing degree
$3 V6, and ne machining is required for the blade surface. We have rmastered the
—echnisue of precision casting of blades without any excess amount Tor machining;
“hese <echnique steps include design of blanks, desien and machininz cf dles,
manufacture of paraffin molds (Chinese-develcped varaffin mclds have attained
“ke Zricish level of 3RS), manufacture of the casing, smelting, rouwring, measure-
ment =f iimensicns, inspection of metallurgy Juality, and precise rcsitioning.
2
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Herasus Company of West Jermany and G.C.A. Company of the United 3tates, direc-
cicnzal hellow dlades (see Fig. 7Y of less than 200-250 mm in length can be poured
o the power reducticn and guick condensation method. The included angle
cetween columnar orystals can be controlled to less than 15°, and the number of

2
e
g.

r2lumnar crystals at any cress section is not less than 5. In recent years, the
directicnal tlades have been undergoing rlatiorm test runs for long duration in
ngines o transgort and fighter planes. As cvroved In experiments, the fatigue
service 1ite is 10 vimes hicher, plasticity 4 times higher, and service life 2
Times lcnger Cor directicnal blades than ordinary cast blades. The directional
tlades rrovide zan effective, important measure in improving the verformance of

=neines and orolonging service life of turbine blades.

Fig. 7. FPFirst-stage turbine blades
(directional blades) of an aircraft
angine.

The casting titanium-alloy varts have extensive apriication proscects in
aviation and civilian industries. The study and application of the titanium
casting technigue have been undertaken for nearly 20 years. In this pericd,
there were adopted the graphite compaction model, graphite processinz model, and
sraphite melting-die shell model to pour many types of aviation titanium castings,
such as the engine compressor casing used in transport and fighter clanes. After
platform test runs, the campressor casings were proved fc be effective. The
maximum dimensions of castings may attain a diameter of 50C mm and length of

O




700 mm with maximum welght sligntly less than 70 kg, The front suppert seats of
the airerart engine were certified by batch production and leng-term utilization
23 mesting the design and oreraticn requirements with a proven technigue.

- oorder to 3assist researchers in medical divisions of orthopedics and

~ T N ) = B
TLIL3I2.L [ounts, arcis

lcial Jeints (such as knee joint and hip joint at base

oI thizh) were cast; these joints were tested by scores of patients. Their suffer-

inzs were itne nd thelr neormal werk capatilities restored. The range Cr patients’

2ges was Srom 20 to 20.

With the industrial development, there have been ever expanding applications
of casting steel, casting aluminum, and casting magnesiur. At rpresent in China,
201d condensed resin sand Corming has been extensively adopted te attain high
accwracy and small derormaticon in castings. The forming techniaque is simple
with low cost and saving of energy.

In order to reduce the structural weight of aviation rarts to save raw mate-

rial

3
PN

and reduce machining time, in China the high-strength cagting aluminum has

[0

deen mere and mere used. The high-strensth Z1L-205 casting sluminum owes its high
Juality ve the use of highly purified raw materials, tlending of complicated
ailoyed elements, and heat treatment. Among the varicus versicns of casting
aiuminum, 3t T6 state, ob;50 kg/mm2 and 6=3 vercent; at T5 state, OE’QE kgﬁnng
and 6327 vercent. Eight different types of castings have been manufactured cn 2
trial basis; under ordinary static testing, the aluminum castings can bear mecre
than 150 nercent of the rated destruction loading; this performance enables the

aluminum castings to substitute aluminum forgings.

Productions of aluminum castings have been carried on for more than 20 years;
“he larzest castings were 2-meter aircraft partitions and sucrorts, 2s well as
large engine shells more than 1 meter in diameter. By adopticn of a seguential
crystallization technique, large cylindrilcal magnesium rarts can be cast with
nigh production capacity and advanced quality control.

“onclusions

10
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ITOUP OF SCIENTIFIC RESEARCH ACHIEVEMENTS AT THE BEIJING AERCNAUTICAL MATERTAL

Ll
hi e asacas /R 21 o

e e i

Secently, the 2eijing Aeronautical Material Institute sponsored an exhibition
o7 scientific research achievements. The exhibition items were divided into four
maior categories: metal materials, heat treatment technigque, measurement and

Fhado RV

3ince the fourding of the Beljing Institute, more than 750 items of scientific
research have been successfully concluded: 115 items out of the 750 were given
awards, including 3% items with important achievement awards bestowed ty the
tate Council and ministries, and 31 items with important cooperaticn awards in
scientific research achievements. At the exhibition, more than 240 items of
scientific research achievements were displayed. Among these achievements, some
nave attained an advanced technical level in domestic and abrocad and some others

711led in China's technical blanks.

(2

The major scientific research achievements in the exhibition are briefly
introduced in the following,

Metal Materials

12




The displayed metal materials included deformation and casting high-
semperzture 2llovs, structural steels, deformation and casting titanium alloys,
deformation ard casting aluminum and maenesium alloys, and precious metal mate-
rials. Under the sharing efforts of the related domestic units, fundamentally
these materials have formed a series. For example, among the nickel-base casting

.y

igh-temperature alloys are K19, K19H and K002, ard among the directional nickel-
Tazse casting hish-temperature alloys are DK3, DKS and DK22; thelr strengths at
nish temreratures and other vcroperties have attained the levels of the same type
or materials abrcad. These alloys can be used in gas turbine tlades operating

3T 9B044000°C, and zulding blades coerating at 1000-1050°C. At present, the
nickel-tase casting high-temperature alloys used in turbine blades and guiding
tlades of aireraft engine have been generally used in China (see Fig. 1).

A

Mg. 1. Some turbine blades made of K-series nickel-
base casting high-temperature alloys.

Successfully developed in China, the GH140 is an iron-nickel base high- 0
temperature alloy used as a plate material. The base of the alloy is Fe-37Ni-29Cr
solid solution, and then it is compound strengthened on austenite with alloy
a2laments, such as W, Mo, Al and Ti. These alloy components can maintain single-
chase austenite texture after treating alloys with solid solution. The GH140
alloy has zood resistance to oxidation, high plasticity, and adequate properties
in thermal strength, thermal fatigue, punching, and welding. The GH140 alloy
can substitute for GH30 and GH39 nickel-base high-temperature alloys to make
compenents in combustion chamber and booster combustion chamber of aircraft
engines and power-generation gas turbines (see Fig. 2). This alloy {(rlate

13
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iz reliable In perrformance, and capable of saving large quantities of
metalliz nickel Tor the state, therefore the production of GH140 alloy is the
Risnest {(of hizh-temperature a2lloys) in China.

The IC-% nickel-free superhigh strength steel is 2 key material in making
ireralt's Important structgral members under stress. The tensile strength %
C-% 15 130 <o 200 ke/mm”. The <crsional (and shearing) strength and stress,
and anti-corrasion nroperties are higher than that of BOCrMnSiUizA steel. How-
aver, the ncuch sensitivity and anti-fatizue properties (under repeated loadings)
27 0=d gre less than desirable. By using different standards of isothermal
“reatment, 3C-4 steel can attain different mechanical properties in order to meet
Jdesisn and operation requirements. The steel can be used to manufacture landing
zears, cints, teits and cther parts under stress in an aireraft.

Throush ccocreraticn by the Beliing Institute and other related units, there
were successtully develcred T26, SFCu~1l, F7501, 502, 703 and 245 metal-ceramic
crake materials; these materials have formed a series with geed fr:tion proper-

The

]
(e
L)
[N

s superior in traking erficiency (bty more than 100 percent) in
laboratory conditions than the brake materials used in Beeing 707 aircraft. The
—achni:al properties of the 245 brake material attain or surpass the level of
similar material abroad as the service 1ife of 245 in an An-24 aircraft is more
zhan twice as long as the FMK~1l material of the USSR. At present, these materials
have peen =xtensively used in varilous mcdels cf aircraft. The Chinese-made brake
materials used in new and old models of aircrarft are popular in domestic market.
The brake materials used in imported civil aircraft also have been gradually
revlaced with Chinese products (see Fig. 3), thus saving considerable foreign
exchange every year.

The successiul development of materials for gold-base electric contact
alements used in aviation instruments and meters has irmproved China's passive
situation of solely relying on imported platinum and palladium-base allcys. The
zold-base electric contact materials have additions of silver, chromium, manganese,
nickel, and molybdenum alloy elements to gold, forming a zold-base alloy series,
whose electrical, mechanical and physical properties are the same as the platinum-
and palladium-base alloys. The gold-base electric-contact-element materials have
zood stability while contacting with chemicals and also provide high resistance

against crganiz-gas contamination. In the envirorment-gas ceorrosicn conditions
14
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{suchi as In the oxidiced, sulfurized ard sea-fog areas), the variaticn of electric-
2entact resistance in the case of gold-base marerials is small, so it can substi-
tute vlatinum~ and palladium-base alloys to te used as materials for winding,
2lectric brush, sliding contact, conducting ring, and conducting sheet. The
adortion of sold-base materials can improve the quality of instruments and meters
ard reduce Impcertation of rare or much demanded materials; thus, the gold-base

2iectric—contact maferials are generally used domestically.

Zeat Treatment Tachnigues

in heat-treatment techniques, the directional condensation technique for

making nhigh-temperature 21loy turbine blades attracted the most attention. This

new technigue was successfully developed by the 3eljing Aeronautical Material
nstitute with close cooperation of other relatad domestic units. The use of
Juick cordensation technigue can obtain columnar crystal castings with [001]
elective direction (parallel to the main axis of parts) properties. The length

w

5f the columnar crystal may reach 200 mm. The quality and technical varameters

of the directiomal condensation castings have basically attained or zpprcached

<he level of rfcreign ccuntries. The successful development of directiocnal conden-
sation technique means that China's precision casting technique of turbine blades
mas reached a new level. This development solves a xey technical groblem in

developing high-performance aircraft engines.

In 1980, the development of modern casting non-poisocnous magnesium sand was
rresented with the third-class invention award by the 3tate Council; this creative
develcpment was the cocperative result of the Beijing Institute and other related
units. The casting non-poisonous magnesium sand can substitute for poisonous
sand {(containing a fluorine additive) for magnesium castings. For a long time,
“hina used molding sand containing a {lucrine additive; during pouring several
poiscnous zases (such as HF, SiFy and NH3) are released to contaminate the environ~

ment, tc corrode plant equipment, and mest importantly to seriouslv impalir

norkers' health. 7Various types of magnesium alloy castines can be produced by
vouring into medern magnesium-casting non~poisonous sand mclds; these castings
were accepted with quality evaluation. These sand molds are simple to crerare
and low in price, thus relieving flucrine's damage tc uman body.

15
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The HLoUu-C and HLOu=23 correr rods are used to manufacture aviation stainless-
372l Dulde Tures; these correr ruxds were Jevelcred zcecrding to apnlication
conditions in China. The Chinese :orrer rods are up tc the same level of technique
and mechanloal rreonerties as that of PZhL~-5C00 reds in the JS3R, but the welding
—errerature (o7 the Chinese rads) is lowered by 20 to 100°7 compared with PZhL~S00.
Therelsre, tne Chinege coprer rods re free from defects ¢f zrowing ialloy-base
crvstals, awrlace melting or ercsion, ind toe deep infiltraticon into intercrystal

zracss

The technigue <©f pill-spraying strengthening is =xtensively used noct only in
~he aviavion (parts) industry but alsc in other machinery industries. The
strengthening of gill spraying can improve the Tatigue strength of parts ard
also rrelong -he service lif2. The Beiling Institute 1s exploring new ground in

*q

the fundamental research on regimes In strengthening pllli-scraying.

Fig. 2. Hish-temperature parts Fig. 3. Chinese-made modern friction-
~ade of GH140 alloy. material brake disks.

Successfully developed were thin aluminum plastic Tilms and 3 nitrogen~filled
sealing technique; these new developments attain an advanced domestic level, by
reducing quantities of out-of-date products with less rerair and scrapping as well
as providing convenient conditions for strategic reserve and rotational preoduc~

tion.

Good achievements were attained in studles of explosicn spraying-coating
equipment and technique. China's first explecsion spraying and coating equipment
was successfully built; in addition, the technique was studied of -wplosicn

coating-soraying of Ni-Cr~B~8i, Al wrapped in N1, and WC wrapped in Co (five
coating layars).

VMeasurement and Testing Technigques

1€




The solentifiz pesearch resulis of measuresment and testing technijues include
Fasurament tssting of mechanical rroverties, analysis of metal materials, metal
testing; mor= than 50 items using the fechnigues were
diszpiaved. In measurement and testing of mechanical rroverties, the Beljing
Iratizute nas mere than 200 sets of testing equipment in various types, capable

o t a7

o ronduzlting mechanical prorerty tests and studles ror different materials. In
3tudiss oF material Yreaking due to fatigue, the institure has advanced facilitie

i7Icant zchievements in design and material zelecti..: for new machines
ivsis of ma’cr trezidowns, and lengthening service 1il= ol products. Ten
items °r resezrch achievemerts in fatisue treaking were awarded and commended by
the Ztate Jouncil and the Third Ministry of Machine Building. Among the 10 items,
the fatise (3-N) curve commenly used in aviation metal materials is the first
rafor selentific-research achievement thrcugh the cooperation of 18 domestic units
areanized by the Belling Aercnautical Material Institute and the Beijing Aero-
nautical EIngineering College. Altogether, 96 3-N curves and 28 equal-life-span
curves were darived ror 12 commeon aviaticn metal materials under various condi-
“ilcns.  These curves provide references in aircralt design, and in prolonging

and determinaticn »f service life.

The 2lectren diffracticn analysis is 3 ohysical means of studying the texture
and structure oI Important metals. Based on many years' work activities, the
Belling Insticute established a number of matrix analysis methods for the electron
1if%raction spectrum. Comparing their methods with similar ones, both domestic
and sbroad, the 3ei’ing Institute's methods have exclusive characteristics. Fer
exarple, in the direction-selecting relationship tetween two phases, the Chinese
mathed improved Wuiiefusike's [transliteration] work of the USSR to independently
derive tne transformation matrix formula of the direction-selecting relaticnship
and -2 discuss systematically methods of handling such a problem. A successful
matrix methed was croposed to handle the direction-selecting relationship of
sther than 130° rotational twinning crystals. According to this set of matrix
methods, an [electronic computer] program was written in marking complicated
aiectronic diffraction spectra of two phases, twinning crystals and high-level
Lloyd belt. As proved in practice, this method is accurate, reliatle, and easy
%2 learn with time economy. Moreover, this method helps to preomote automaticn in

=lectron microscope research.
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e Tlucrescence Inrfiltration methed i1s cne of the important ne-1oss measure-

5

d vesting metheds in the aviation and machinery industries. A new {luores-

cence Infilcration liguid was presented with the third-class invention award by
<hne 3tate Council in 1976; the liguid was developed through the cooperaticn of

he Beiling Institute, the Shanghai Research Institute of Organic Chemistry (of

Tne Chinese Acadenmy o Aciences), and the Hongan Machinery Corporation. This

Tlucrescence Infiltration liguid is corpesed of high-boiline-point solvents,

Tace =2etivating asents, Inriltration agents, coupling agents, preservatives,

nd “uorescance dyes. Zince refined petroleum distillates are adopted in constit-

uents »f the flucrescence infiltration liquid, the other constituents (sulfur,
scdium and halogen elaments) are reduced. Thus, the flash point of the flucores-
cence liguid is raised to a temperature higher than 30°C, thus satisfying require-

ments of aquality testing or aviation products. This fluorescence liquid can be

used to detect derects 27 many manufactured products; its fluorescence intensity,

Infil<raticn, cleaning rroperty, and sensitivity are up to the level of similar

nreducts zbroad.

den—-metal Vaterials and Forming Technigues

0f non-metal materials, there were more than 90 items exhibited, Including
vlastics, rubter, acdhesive agents, sealing materials, fuels, lubricants, special
ligquids, coating agents, ind heat insulation materials. Aircraft cabins amd
integrated el tanks are sealed with room-temperature sulfide sealing agent,
sealing colloid film, and non-sulfide sealing putty; these three sealing substances
have basically Jormed 2 series. The major properties of some sealing materials

ire corparable with these of similar materials sbroad.

nder development are microwave absorption materials, which have oroperties
2T low reflection, high separation attenuation, softness, and light weight in
addition to an advantage that no metal reflection lining is required. Once
such materials are developed, radar tactical properties can be improved.

A rubber electron-microscope hardness meter was developed through cooperation
of domestic units. By utilizing a new technigue of differential transfcrmations
and the advanced electron technique, the denting depth can be ccnverted into
electric signals, shown by a digital voltmeter. This hardness meter can nct only
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automatically increase loading, out 2lsc raise reading rrecisicn and sensitivity.

In addition, the meter 1s zeed in stability and repetition of data.

Radar casings (see Fig. U4) were formed with a pressured pouring technique,
which 1s the first such achievement in China. Passed in statistical testing,
round electric-characteristics testing, and test flying, the radar casing rigid-

1ty =2nd strencth meet design requirements.
In the 25 years, thne Beiliing Aeronautical Material Institute attained zood
achisvements in scientiric research; the institute trained 2 number of scientific-
research cadres of a certain technical level in making due contributicns to China's

aviztion industry.

Fig. 4. Radar casing
formed with ncouring
technique under pres-
sure.







